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It was the invention of the dynamo (which
see) that made such railways practicable, but
the idea had been discussed many years pre-
viously. At an industrial exposition in Ber-
lin in 1879 a circular railway about a
thousand feet long was exhibited, showing
that the proposition of propelling cars by
electricity was not fantastic. The first elec-
tric railway in the United States was con-
structed by Thomas A. Edison at Menlo
Park, N. J., in 1880. The track was about
ninety rods in length. Three years later
Stephen D. Field of California exhibited an
electric locomotive at an exposition of rail-
way appliances in Chicago. The first sub-
urban electric line in the United States was
constructed from Baltimore to H amp den,
McL, and put in operation September 1,
1885. Three years later the street railways
of Richmond, Va., were equipped with elec-
tric motors, and from that time to the present
the expansion of the electric railway has con-
tinued, until it is found in all large cities
and in many small cities and towns. Indeed,
hundreds of electric lines have been construct-
ed between cities and towns distant from one
another.
The electrical apparatus of a railway con-
sists of a central station, where a dynamo
operated by steam or water power generates
the electric current. This is distributed along
the line through overhead wires, which
are insulated from surrounding objects. On
single track roads but one overhead wire is
used, except at the switches, where two are
always necessary. From the wire the cur-
rent is drawn by the trolley, a small grooved
wheel running on the trolley wire and at-
tached to the end of a conducting pole that
extends upward from the car. The trolley
is connected with the motors, which are at-
tached to the trucks of the car, by wires ex-
tending down the side or end of the car. The
motor is controlled by a compound switch, or
controller, which is operated by the motor-
man* After it has been used, the current
passes into the tracks of the car and from
these to the rails, -which are connected by
copper wire, so that they return the current
to the station from which it started.
This is the plan in most general use for
distributing power; but another, used on
elevated roads and to some extent on lines
which own their right of way through the
country* is known as the third rail system.
In this a third rail, either between the rails
 of the track or opposite one of them, sup-
ported on insulators, carries the current,
which is brought in contact with the motor
through a shoe that slides over the rail. The
third rail is dangerous and cannot be used in
places where there is liability that people
or animals will come in contact with it. In
a few cities, where overhead wires are not
permitted, cars receive the current from con-
ductor rails. These are sunk in slots,
through which an arm extends from the
motors. This is called the conduit system.
In 1919 there were over 44,000 miles of
electrical railways in the United States. In
1934 there were only about 38,000 miles. This
loss has been due to the abandonment of
street-railway service in many small cities
and of interurban lines which were unable
to meet the competition of buses and automo-
biles. In large cities, electrical surface-ear
lines, elevated railroads, subways, and surbur-
ban trains are still essential factors in com-
munity transportation. One of the outstand-
ing suburban systems is that of the Illinois
Central at Chicago, which operates some 400
fast trains each day between the "Loop" and
the southern suburbs. Steam railroads also
make significant use of electric locomotives to
supplement the steam equipment where spe-
cial conditions prevail. Thus, the Pennsylva-
nia Railroad Company has electrified its entire
route from Washington, D. C., to New York
City. Electric locomotives haul the trains of
the New York Central through the tunnels
by which they enter New York City, those of
the Grand Trunk in the St. Clair tunnel.
The Chicago, Milwaukee, St. Paul & Pacific
Railroad has 660 miles of electrified rail-
way in the mountains of western Montana.
In this region there is much water power
for generating current. A great advantage
of the electric locomotives is that in going
downhill the motors are operated as gen-
erators. This use provides more than thirty
per cent of the power used in pulling other
trains uphill, and the motors also act as
brakes for the descending trains.
ELECTRIC WELDING.    See weldikg.
ELECTRO-CHEMISTRY, a branch of
science which investigates the relation of
electric current to chemical changes. In the
various forms of electric cells, chemical
changes generate electric current; in electrol-
ysis, on the contrary, electric current pro-
duces chemical changes.
Electro-chemistry is of first importance in

